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Description 
LIGHT-EMITTING DEVICE 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The invention relates to a semiconductor light-emitting 
device, and more particularly, to a light-emitting diode 
with high illumination efficiency. 

[0003] 2. Description of the Prior Art 

[0004] Fig.l is a structural diagram of a light-emitting diode ac- 
cording to the prior art. As Fig.l shows, the light-emitting 
diode 10 comprises a substrate 11, a distributed Bragg 
reflector (DBR) 12, an active layer 13, a p-type semicon- 
ductor layer 14, a p-type electrode 15, and an n-type 
electrode 16 located under the substrate 11. The sub- 
strate 11 is an n-type GaAs substrate, and the DBR 12 is 
composed of multi-layered reflective structures for re- 
flecting light. The active layer 13 is composed of an n- 
type AIGalnP lower cladding layer, an AIGalnP active layer, 
and a p-type AIGalnP upper cladding layer. The p-type 



semiconductor layer 14 is an olimic contact layer, whose 
material can be AIGaAs, AIGalnP, or GaAsP. The p-type 
electrode 15 and the n-type electrode 16 are metal elec- 
trodes for wire bonding. 
[0005] Fig. 2 is a structural diagram of another light-emitting 

diode according to the prior art. As Fig. 2 shows, the light- 
emitting diode 20 comprises a substrate 21, a distributed 
Bragg reflector (DBR) 22, an n-type semiconductor layer 
27, an active layer 23, a p-type semiconductor layer 24, a 
p-type electrode 25, and an n-type electrode 26. The fab- 
rication process of the light-emitting diode 20 is firstly 
forming the DBR 22, the n-type semiconductor layer 27, 
the active layer 23, and the p-type semiconductor layer 
24 on the substrate 21. Then an etching process is per- 
formed to exposed portion of the n-type semiconductor 
layer 27, and the p-type electrode 25 is formed on the p- 
type semiconductor layer 24. Finally, the n-type electrode 
26 is formed on the exposed n-type semiconductor layer 
27. Similarly, the substrate 21 is a CaAs substrate, and 
the DBR 22 is composed of multi-layered reflective struc- 
tures for reflecting light. The active layer 23 is composed 
of an n-type AlCalnP lower cladding layer, an AIGalnP ac- 
tive layer, and a p-type AIGalnP upper cladding layer. The 



p-type semiconductor layer 24 and the n-type semicon- 
ductor layer 27 are ohmic contact layers, whose material 
can be AIGaAs, AIGalnP, or GaAsP. The p-type electrode 
25 and the n-type electrode 26 are metal electrodes for 
wire bonding. 

[0006] However, when operating the above-mentioned light- 
emitting diodes, the p-type and n-type electrodes will ab- 
sorb light from the active layer and lower the illumination 

efficiency. 
Summary of Invention 

[0007] It is therefore a primary objective of the claimed invention 
to provide a light-emitting diode with high illumination 
efficiency to solve the above-mentioned problem. The 
light-emitting diode has a reflective layer located under 
the metal electrodes to avoid light being absorbed. 

[0008] According to the claimed invention, a semiconductor 
light-emitting device comprises a substrate, an n-type 
electrode, an active layer, a p-type semiconductor layer, a 
reflective layer, and a p-type electrode. The n-type elec- 
trode is located on the bottom surface of the substrate, 
and the active layer is located on a top surface of the sub- 
strate. The p-type semiconductor layer covers the active 
layer. The reflective layer is located on the p-type semi- 



conductor layer, and the p-type electrode covers the re- 
flective layer. The reflective layer is a conductive layer with 
high reflectivity. 

[0009] jhe claimed invention further discloses a semiconductor 
light-emitting device comprising a substrate, an n-type 
semiconductor layer, an active layer, an n-type electrode, 
a p-type semiconductor layer, a first reflective layer, and a 
p-type electrode. The n-type semiconductor layer covers 
the substrate, and the active layer and the n-type elec- 
trode separately cover portions of the n-type semicon- 
ductor layer. The p-type semiconductor layer covers the 
active layer. The first reflective layer is located on the p- 
type semiconductor layer, and the p-type electrode covers 
the first reflective layer. The semiconductor light-emitting 
device further comprises a second reflective layer located 
between the n-type semiconductor layer and the n-type 
electrode. The first reflective layer and the second reflec- 
tive layer are both a conductive layer with high reflectivity. 

[0010] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 



Brief Description of Drawings 

[0011] Fig.l is a structural diagram of a light-emitting diode ac- 
cording to prior art. 

[0012] Fig. 2 is a structural diagram of another light-emitting 
diode according to prior art. 

[0013] Fig. 3 is a structural diagram of a light-emitting diode ac- 
cording to the present invention. 

[0014] Fig. 4 is a structural diagram of another light-emitting 

diode according to the present invention. 
Detailed Description 

[0015] Please refer to Fig. 3, which is a structural diagram of a 
first embodiment of the present invention. A light- 
emitting diode 30 comprises a substrate 31, a distributed 
Bragg reflector (DBR) 32, an active layer 33, a p-type 
semiconductor layer 34, a p-type electrode 35, an n-type 
electrode 36, and a reflective layer 38. The fabrication 
process of the light-emitting diode 30 is firstly forming 
the DBR 32, the active layer 33, and the p-type semicon- 
ductor layer 34 on the substrate 31. Then the reflective 
layer 38 is formed on portion of the p-type semiconduc- 
tor layer 34. Finally, the p-type electrode 35 is formed on 
the reflective layer 38, and the n-type electrode 36 is 



formed on the other surface of the substrate 31. 

[0016] The substrate 31 is a conductive material, such as n-type 
GaAs or GaN, and the DBR 32 is composed of multi-lay- 
ered reflective structures, such as AlAs and GaAs, for re- 
flecting light. The structure of the active layer 33 is ho- 
mostructure, single heterostructure, double heterostruc- 
ture (DH), or multiple quantum well (MQW). If the struc- 
ture of the active layer 33 is double heterostructure, it can 
be composed of an n-type AIGalnP lower cladding layer, 
an AIGalnP active layer, and a p-type AIGalnP upper 
cladding layer. Since the various structures of the active 
layer are known in the prior art, no more will be described 
in this paper. The p-type semiconductor layer 34 is an 
ohmic contact layer composed of a plurality of p-type III- 
V compound layers, such as Mg or Zn doped GaN, AIGaAs, 
AIGalnP, or GaAsP. The p-type electrode 35 and the n- 
type electrode 36 are metal electrodes for wire bonding. 

[0017] The reflective layer 38 is a conductive layer with high re- 
flectivity, such as silver (Ag), aluminum (Al), gold (Au), 
chromium (Cr), platinum (Pt), or rhodium (Rh), and the re- 
flective layer 38 can be a single-layer or multi-layer 
structure. The reflective layer 38 is used for reflecting 
light from the active layer 33 to surroundings without be- 



ing absorbed by the p-type electrode 35. In addition, the 
reflective layer 38 and the p-type semiconductor layer 34 
can contact at a rough surface, the rough surface having 
an incline or acurved structure with a specific reflective 
angle to enhance the reflective layer 38. The reflective 
layer 38 can also be a scattering layer, such as a transpar- 
ent conductive material comprising a plurality of diffusers, 
for partially reflecting light from the active layer 33 to re- 
duce light being absorbed by the p-type electrode 35. The 
scattering layer has a more than 50% scattering rate. 
[0018] Please refer to Fig. 4, which is a structural diagram of the 
second embodiment of the present invention. As Fig. 4 
shows, a light-emitting diode 40 comprises a substrate 
41, a distributed Bragg reflector (DBR) 42, an active layer 
43, a p-type semiconductor layer 44, a p-type electrode 
45, an n-type electrode 46, an n-type semiconductor 
layer 47, a first reflective layer 48, and a second reflective 
layer 49. The fabrication process of the light-emitting 
diode 40 is firstly forming the DBR 42, the n-type semi- 
conductor layer 47, the active layer 43, and the p-type 
semiconductor layer 44 on the substrate 41. Then an 
etching process is performed on portion of the p-type 
semiconductor layer 44 and the active layer 43 to expose 



portion of the n-type semiconductor layer 47. After tliat, 
the first reflective layer 48 and the p-type electrode 45 
are formed on the un-etched p-type semiconductor layer 
44, and the second reflective layer 49 and the n-type 
electrode 46 are formed on the exposed n-type semicon- 
ductor layer 47. The etching process can be wet etching 
process, dry etching process, or alternating both pro- 
cesses. Furthermore, the first reflective layer 48 and the 
second reflective layer 49 can be alternatively or simulta- 
neously designed in the light-emitting diode 40 according 
to requirements. 

[0019] In the second embodiment, the substrate 41 is a noncon- 
ductive material, such as sapphire, and the DBR 42, the 
active layer 43, and the p-type semiconductor layer 44 are 
similar to those in the first embodiment. The n-type 
semiconductor layer 47 is an ohmic contact layer com- 
posed of a plurality of n-type lll-V compound layers, such 
as undoped GaN, Si doped GaN, AIGaAs, AIGalnP, or 
GaAsP. The p-type electrode 45 and the n-type electrode 
46 are metal electrodes for wire bonding. 

[0020] The first reflective layer 48 and the second reflective layer 
49 are also conductive layers with high reflectivity, such 
as silver (Ag), aluminum (Al), gold (Au), chromium (Cr), 



platinum (Pt), or rhodium (Rli), and tlie first reflective layer 
48 and the second reflective layer 49 can be single-layer 
or multi-layer structures. The first reflective layer 48 and 
the second reflective layer 49 are used for reflecting light 
from the active layer 43 to surroundings without being 
absorbed by the p-type electrode 45 and the n-type elec- 
trode 46. In addition, the reflective layers 48, 49 and the 
p-type and n-type semiconductor layers 44, 47 can con- 
tact at a rough surface, the rough surface having an in- 
cline or a curved structure with a specific reflective angle 
to enhance the reflective layers 48, 49. The reflective lay- 
ers 48, 49 can also be a scattering layer, such as a trans- 
parent conductive material comprising a plurality of dif- 
fusers, for partially reflecting light from the active layer 43 
to reduce light being absorbed by the p-type electrode 45 
and the n-type electrode 46. The scattering layer has a 
more than 50% scattering rate. 

[0021] In contrast to the prior art, the present invention having a 
reflective layer with high reflectivity can avoid light from 
the active layer being absorbed by the metal electrodes, 
and fully utilize light from the active layer. 

[0022] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 



while retaining tlie teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



